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Abstract— We propose and evaluate an energy-efficient
scheduling agorithm for detedion of mobile targets in wireless
sensor networks. We mnsider a setting where the sensors are
deployed for both road surveillance and mobile target tracking.
A typical example would be where some sensors are deployed
along the entrance roads of a city to deted the vehicles entering
the dty and other sensors can wake up and track the vehicles
after detedion. We show that there eists a tradeoff between
overall energy consumed by the sensors and the average detedion
time of a target, both of which are very critical aspeds in our
problem. To thisend, we definethe quality of surveill ance (QoSv)
as the redprocal value of the average detedion time for vehicles.
We propose an optimal scheduling algorithm that guarantees the
detedion of every target with spedfied QoSv and at the same
time minimizes the overall energy consumed by the sensor nodes.
By minimizing the energy consumed, we maximize the lifetime of
the sensor network and by the quality of surveillance guarantee
we ensure that no target goes undeteced. We theoretically derive
the upper bound on thelifetime of the sensor network for a given
QoSv guarantee and prove that our method can always achieve
this upper bound. Our simulation results validate the daims
made on the algorithm optimality and QoSv guarantee

Index Terms—Sensor Network, Energy, Scheduling, Place
ment, Mobile Target, Vehicle, Surveillance Detedion.

|. INTRODUCTION

Wireless #nsor networks have generally alimited amourt of
energy. Such wireless £nsor nodes colled, store, and process
the information about environments as well as communicate
with ead other. So, one important isaue is how to manage the
energy efficiently to perform the éowe tasks.

One major problem in energy management is how to
schedule sensors in a way that maximizes the sensor network
lifetime while the sensor networks dill satisfy the required
degree of qudlity of service As an example in the mverage
isaue, if some nodes share the common sensing region and
task, then we can turn off some of them to conserve energy
and thus extend the lifetime of the network whil e still keeping
the same mverage degree Also in some gplicaions we can
allow the sensor network areato be partialy covered with
regard to time or space Thus, a limited number of sensors
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Fig. 1. Surveillance for City’s Boundary Roads

that work intermittently can satisfy the requirements for the
applications. This can result in a significant conservation
in energy consumption which consequently extends network
lifetime. We define the quality of surveillance (QoSv) as the
redprocd value of the average detedion time for vehicles,
which is used as a metric for quality of servicein surveill ance
applications. In this paper, we propose an energy-aware sensor
placement and sensor scheduling to satisfy such a QoSv as
well as to maximize the sensor network lifetime. Our energy-
aware scheduling algorithm can detedt mobil e targets entering
criticd routes, guaranteeng the required QoSv. For example,
in a dty’s boundxry roads like in Figurel, vehicles entering
the roads between the spedfied ouer boundry and inner
boundry are deteded to satisfy the spedfied average detedion
time by sensors deployed onthe boundary roads. We will show
that this QoSv metric can be controlled by bah the number of
sensors deployed on road segments (i.e., the road segment’s
length including sensors) and the working time for sensing on
ead sensor every scheduling period. Espedally, the length of
the road onwhich the sensors are spread is adominant fador to
determine the QoSv. Also, the sensor network lifetime can be
maximized by using as much sensor slegping time & possble
and asllittl e sensor workingtime as possble. The deepingtime



is determined by the road segment’s length I and the maximum
vehicle speal v; that is, the slegping time is equal to I /v. But
the degping time shoud be used orly when it can get benefit
againgt the turn-on overheal needed for sensors to work. The
least sensor working time per scheduling period is preferable
to maximize the network lifetime & long as the sensors on
a road segment can start working appropriately, considering
Sensor’'s warming-up time.

Also, our sensor placement and scheduling is designed to
suppat mobile target tracking after target detedion. When
a vehicle is deteded by ou scheduling, it can be tradked
since the sensors are deterministicdly placel on the whole
roads between the outer boundiry and inner boundxry. In the
surveill ance phase, only the sensors sleded to satisfy the
spedfied QoSv work and aher sensors deg to save energy.
In the tracking phase, the other sensors can wake up and trad
the vehicles. The tradking is out of scope in this paper.

In this paper, our contributions are:

o adefinition o Quality of Surveill ance (QoSv),

« an energy-aware sensor placement and scheduling feasi-
ble for mobil e target detedion and trading,

« amathematicd analysis of QoSv-guaranteed scheduling,

« aproof for the relationship between the exporentia inter-
arrival and uriform arrival for vehicles, and

« ageneric dgorithm for sensor placement and scheduling
for complex roads.

The paper is organized as follows. In Sedions Il and IlI,
we @mpare our work with the related work and formulate
our problem of energy-aware scheduling with QoSv guarantee
in wireless €nsor networks. Sedions IV and V describe the
sensor placanent and scheduling for QoSv guarantee and
network lifetime maximization and then prove the optimality
of our sensor placenent and scheduling. In Sedion VI, we
analyze the average detedion time for both constant vehicle
spedal and variable vehicle spead, making afunction of average
detedion time which is used to determine the gpropriate
sensor working time and the number of sensors on a road
segment to satisfy the required QoSv. Sedion VII describes a
generic dgorithm for the sensor placement and scheduling for
deteding vehicles in complex roads. In Sedion VIII we show
the performance evaluation through numericd analysis and
validate our numericd anaysis through smulation. Finaly,
in Sedion IX, we aonclude this paper and suggest our future
work.

II. RELATED WORK

Most reseach on coverage for detedion has  far focussed
on full coverage [2]-{8] rather than partial coverage [9]. In
red applicaions, such as the mobile target detedion and
measurement of temperature on the ground o air, the partia
coverage which is temporal or spatia is enoughto deted
or measure something. In [9], a differentiated surveillance
service is auggested for various target aress with different
degrees in sensor networks based on an adaptable energy-
efficient sensing coverage protocol. Our problem for mobhile
target detedion can benefit from this partial coverage in terms
of energy saving. Some aea on a road, such as boundxry

roads, is under surveill ancewith temporally or spatialy partial
coverage. All the sensors deg on the road segment during
slegping period and eadt sensor works for a while dternately
during working period. This deeging and scanning scheme
alows for the maximization o the sensor network lifetime.

Most of mobile target detedion [10]-{12], whose main
objedive is to save energy, maintain somewhat quality of
surveillance They assume that a mobile target starts at any
point of the given area On the other hand, we consider only
the intrusion of mobil e targets coming from the outside of the
city towards the dty via boundiry roads like in Figurel.

In[11], the Quality of Surveill ance (QoSv) is defined as the
redprocd value of the expeded travel distance before mobile
targets are first deteded by any sensor. This QoSv metric is
irrelevant to the target's moving speed. However, our QoSv
metric is determined by the target's moving speal since we
define QoSv as the redprocd value of the expeded average
detedion time where QoSv is a function d the target speed,
road segment length, sensor working time and the number of
SeNsors.

In [15], the theoretica founditions for laying barriers with
stedthy and wireless ensors are proposed in order to deted
the intruson o mobile targets approaciing the barriers from
the outside. The barrier coverage is the type of coverage to
deted intruders as they crossa border or as they penetrate a
proteded area The sensors on a barrier work all the time
for the full coverage for the barrier; that is, this work is
focussed onthe full coverage in barder areain terms of time
and location coverage for the target field, but our detedion
approach uses a spatialy and temporally partial coverage
for the bouncded road area between the outer boundary and
inner boundry. Since amaximum slegping time for al the
sensors is used considering the mobile target speed and road
segment length, our scheme is more gpropriate for criticd
route surveill ance in terms of energy conservation.

II1. PROBLEM FORMULATION

We propose a sensor placement and sensor scheduling for
the quality of surveillance on a dty’s boundxry roads. Our
study in this paper focuses on the sensor placement and
scheduling for the surveill ance which is designed to consider
the target tradking after the surveillance Given the required
quality of surveillance the sensors that will participate in
the surveillance ae determined ac@rding to our scheduling
agorithm in order to maximize the sensor network lifetime.
Other sensors deq to save energy urtil the target tracking hes
to be performed. The spedfic target tracking algorithm is out
of scope in this paper.

A. Asumption
We have several assumptions as follows:

o Every sensor knows its locaion and its time has been
synchronized with its neighba sensors.

o The sensing range is a uniform-disk whose radius is r.

« Every vehicle within the sensing radius of some sensors
can be deteded with probability one [1].
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Fig. 2. Sensor Network Model for Road Segment

o A sensor's ensing radius is longer than a half of the
road’s width; that is, one sensor can cover the road’s
width. So we do nd consider the padking o sensors in
order to cover the road’s width fully in the cae where a
sensor’'s ensing radius is shorter than a half of the road’s
width.

o Every sensor has the same level of energy that is con-
sumed at the same rate for the sensor’s turn-on and
sensing ogerations.

o The st of turn-off operation is ignarable in terms of
energy.

o The vehicle's maximum speal is boundd as follows:
speed < Vpag.

B. Terminology

We define two terms: (a) Quality of Surveillance (QoSv)
and (b) Reliability (or Reliable).

Definition 1. QoSv(X). Let X be the road segment,
covered by a set of sensor nodes. Let ADT be the average
detedion time which is the average time neeled for the
network to deted mobile targets. We define the quality of
surveillance of network on X, denoted as QoSv(X), as the
redprocd value of ADT, i.e,

1
QoSv(X) = DT (@)
QoSv is used as a metric to measure how quickly the sensor
network deteds the intrusion o mobile targets into a road
segment. As we can see from the ébowve formula, the shorter
ADT is, the better QoSv(X) is.

Definition 2. Reliability. We cdl a road segment reliable if
the sensors which are spreal over the road segment can deted
every vehicle who enter the road segment with probability
ore.

C. Sensor Network Model

Asame that there is a road segment between the outer
boundry and inner boundxry of the aty in Figurel. Every
vehicle entering the aty’s outer boundary shoud be deteced
before reading the inner boundry. The sensors are spread on
aroad segment like in Figure2. Vehicles arriving at ead road
segment entrance from the outside of the sensor network are
deteded by at least one sensor. Now suppcse that one road
segment whose length is | consists of n sensors real to fully
cover the road segment. n sensors are contiguowsly placel to
deted and tradk vehicles on the road segment, whose sensing
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Fig. 3. Sensor Placements on Road Segment

coverage is r. The sensing coverage is assumed large enough
to cover the road’s width.

With the aove esssumption and sensor network model, our
objedive is to maximizethe sensor network lifetime to satisfy
the following condtions:

« Providethe reliable detedion o every vehicle ariving at
the road in the sensor network.

o Guarantee the desired average detedion time, which
means the quality of surveillance

« Fadlitate the mobile target tradking after the target de-
tedion with a limited number of sensors.

We propose a sensor placeanent and scheduling for a road
segment in order to achieve our objedive in Sedion IV. We
extend ou sensor placement and scheduling for complex roads
in Sedion VII.

IV. ENERGY-AWARE SENSOR PLACEMENT AND
SCHEDULING

We have interest in vehicles entering at a road segment to-
wards a dty; that is, only theincoming vehicles are considered.
So, the vehicles are assumed to arrive & only the left end of
the road segment like in Figure?2.

A. Energy-Aware Sensor Placement

In this ®dion, we propcse an optimal sensor placement
suitable for mobil e target tradking in a road segment.

1) Other Approaches: One trivial sensor placement is to
place # the sensors at the entrance of a road segment like
in Figure3(a). We cdl this ®nsor placanent the concentrated
sensor placanent. Ancther sensor placement is to placethe
sensors sparately with some aea intervals not covered by
the sensors like in Figure3(b).
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Fig. 4. Sensor Scheduling in Time Domain

2) Our Approach: We propose a placement that spreads
sensors contiguowsly on aroad segment considering the mobile
target tradking like in Figure 3(c); that is, the contiguows sensor
placament is that sensors are spreal ona road segment so that
ead sensor can cover ead square in a road segment like
in Figure2. We daim that the contiguows nsor placement
has as the same network lifetime & the concentrated sensor
placement at the entrance or the digoint sensor placanent in
Figure3. The daim will be proved in Sedion V-B.

3) Applicahbility Analysis: Thoughthree placanents have
the same network lifetime, the contiguous placement is more
suitable for the mobile target trading than other placements.
Note that if we place # the sensors at the entrance we may
perform better in terms of detedion time but there ae two
major problems in the cncentrated placement:

o The mncentrated placement canna suppat the target
tracking after the detedion. In many applicdions there
is a ned for trakking as well as arvelllance that is,
sensors must be ale to tradk the target after it has been
deteded. If we place # the sensors at the entrance of the
road, sensors can only deted mobile targets. Using ou
approadh, after a vehicle has been deteded, a tracing
algorithm can be run to trad the target.

« The concentrated placement is nat resili ent to the enemy’s
physicd attack, such as bomb attadk. Pladng dl the
sensors at the entrance is not a reliable gproadc since
al of them can be destroyed by ore bomb of the enemy
once one of them is discovered.

The contiguous placement is better than the digoint placement
as follows:

« Since the digoint placenent has sace intervals not
covered by sensors, it is not suitable for target tracking.

« The digoint placement needs communicaion owerhead
when the previous snsor segment dies because of energy
consumptionto let the next sensor segment start working.
The contiguows placenent does not neal the communica
tion between two adjacent sensors for triggering the next
sensor to start working since the sensors are scheduled
for sensing. We will explain the detailed scheduling
algorithm in next sedion.

B. Energy-Aware Sensor Scheduling

In this sdion, we propase an energy-aware sensor schedul-
ing with sensor’s appropriate working time and slegping time.
We asaume that n sensors are deployed acwrding to the
contiguows ensor placement in order to suppat the target
tradking like in Figure2 and the lifetime of ead sensor is

All sensors are sleeping
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Fig. 5. Sensing Seguence for the Detedion o Vehicles

life. We dso assume that there is no turn-on owrheal for
gtarting a sensor for sensing. We will consider the turn-on
overheal to relax this assumption for more redity in Sedion
V-D.

1) Requirements for Scheduling: Our scheduling algorithm
for surveill ance satisfies the following requirements:

o The spedfied QoSv is guaranteed.

« The reliable detedion o mobile targets is dore.

o The sensor network lifetime is maximized.

2) Other Approaches. One trivial solution is that eath
sensor works from the right-most sensor until it runs out of
energy and then the adjacent sensor on the left starts €nsing.
In this way just one sensor works at any time. The lifetime of
the network is nxlife. The reverse diredion o scheduling has
the same network lifetime; that is, the left-most sensor starts
sensing first and the right-most sensor finishes €nsing last.

Another solution is that ead sensor works alternately for
some time interval either from the right to the left or in the
reverse diredion. The gproach has the same network lifetime
asthe previousone, that is, nxlife. The bidiredional scanning
that performs the right-to-left scanning and the left-to-right
dternately also has the same network lifetime since there is
no sleging.

3) Our Approach: Our approachisthat al the sensors deegp
for some sleguing time s and then ead sensor from the right-
most to the left-most performs ensing for some working time
w. Our approach is based on the observation that any vehicle
with maximum speed v,,,4,. takestime [ /v,,q, t0 passthrough
aroad segment with length . This amourt of time can be used
as deguing time s for all the sensors on the road segment to
save energy; that is, al the sensors can e for s = I /vmax
withou any detedion missng. For example, let's consider a
road segment like in Figure2 whose only |eft side the vehicles
approad. If the scanning for the road segment is performed
from the right side to the left side just after deguing time s,
any vehicle cax be deteded reliably. On the other hand, if
the reverse scanning from the left-most to the right-most is



used, it needs the scanning time n * w to catch up with the
maximum-speed vehicle. So in this case, the deeping time is
reduced t0 I /vpmqe — n * w. Thus, we aopt the right-to-left
scanning cdled ouward urnidiredional scanning rather than
the left-to-right scanning.

Figure4 shows the sensor scheduling for Figure2. The
sensor scheduling period consists of working period W and
deguing period I after the initidization o sensors. Figure5
shows the sensing sequence for the detedion o vehicles
entering the road segment. The sensing sequenceis performed
by the outward unidiredional scanning after sleeping period
I = 1/Vma.. The vehicle is deteded by sensor Ss.

V. OPTIMALITY OF SENSOR PLACEMENT AND
SCHEDULING

In this sdion, we prove that our sensor placement and
scheduling is optimal in terms of sensor network lifetime.

A. Sensor Network Lifetime

In this sdion, we compute the sensor network lifetime of
our outward uridiredional scanning. Let W be the working
period and let I be the deegping period. We can compute W
and I, respedively as follows:

n
W = E w;,
i=1

=L
v

2

3

where [ is the length of the road; v is the maximum possble
sped for the vehicle; w; is working time of sensor i; and n
is total number of sensors. For simplicity, we assume that all
sensors have identicd working time, that is, w; = w.

The total lifetime of the network (Ziocqi—1ife) iS equal to:

(4)

where m is the number of the scheduling periods urtil sensors
run ou of energy. We can compute m as follows:

Tiotal—tife = m* [ + W].

m = Tlife
w

()

where T, is the lifetime of ead sensor. Therefore, the total
lifetime of the network will be expressd as:

Tli 3 l
Ttotalflife = wf [’ILU) + 5]

= Tife“!‘_Tif)-
i VW life

The @owve formula shows that Tyoiq1—1ife iNCreases as eat
sensor’'s working time w deaeases, ignaing the turn-on en-
ergy. Note that w cannd be infinitely small because in redity
the sensors need some time for warming-up. We will analyze
the lower bound d w consideringwarming-upin Sedion V-D.

B. Optimality of Sensor Placement

We prove the optimality of our sensor placement in terms
of the sensor network lifetime.

Theorem 1: The outward uridiredional scanning based
on the oontiguows ensor placement allows for the same
maximum network lifetime & the ooncentrated sensor
placanent at the road segment's entrance or the digoint
sensor placenent consisting o segments si, ..., s, Where
eath segment s; has n; sensors and its length is /; like in
Figure3.

Proof: Let T,.,,.. be the maximum network lifetime caused
by the concentrated placement which makes al n sensors
be mncentrated at the entrance of road segment length d
which can be cvered by ore sensor like in Figure3(a).
Let T.,,: be the maximum network lifetime caused by the
contiguots placement which makes the length of the covered
road segment be [ and has n sensors where | = n x d. Let
T4is; be the maximum network lifetime through multiple
disoint segments where I = > I, and n = > 1" n,.
In the cae of the digoint placement, the leftmost segment
close to the entrance starts working at first and the rest of
segments deegp urtil the leftmost segment dies because of
energy consumption. So, when the sensors in one segment
exhaust energy, those in next segment start working with
deguing periods described in the previous sdion. Let Ty,
be a sensor’s lifetime withou sleguing. Let v be maximum
vehicle speed and w be working time per sensor per working
period. Ton: Can be computed as follows:

Tconc - %[w + %} *n
_ ife d
= Dl 4 2]
= “blefpw 4+ L]

)

where | = nd. Ty;,; can be computed as foll ows:

Taisj = ;_le Sty [niw + 4]
= ol mi 3L U
= nw + %]

®

wheren =" n; andl =" | I;. Toont Can be computed
as follows:

Tcnnt (9)

= T—l;&[nw + %}
wheren =3"" n; andl = 7", l;. We can seethat Ty,
T.ont and Ty;s are the same through Eq.7, Eq.9 and Eq.8.
So, the prodf is dore.

Next, we neead to consider the contiguous snsor placement
acording to the given road segment’s length and the number
of sensors avail able. Asaume that » sensors and a target road
with length L are given and that n sensors can cover a road
segment with length [ by our contiguows placement (i.e., a
square with side-length d = [/n can be mvered by eath
sensor). There ae three caes for the mntiguows placement.
For ead case, we can deploy the sensors optimally in terms
of network lifetime and detedion time &s follows:



e Case 1: The road can be fully covered by a single
contiguots placement without remaining sensors. In this
case, there is nothing to do. The deeping period is I /v.

o Case 2: Theroad can be fully covered by ore mntiguois
placement with m sensors for m < n, which means that
theroad’'slength L is equal to m «d. Thefirst batch of m
sensors is deployed contiguowsly on the road. With n—m,
we can make other batches urtil n — k+m is greder than
zero where & is the number of batches. The k batches are
deployed from the entrance & overlay. We schedule the
first batch urtil the sensors of the first batch pass away
due to energy consumption. After that, next batch of m
sensors is <heduled for detedion urtil al the batches
passaway. The last batch may have less €nsors than m.
The slegping period o the batch is L/v where m is the
number of sensors avail able for the batch.

o Case 3: The road canna be fully covered by the contigu-
ous placement. n sensors are placel from the entrance
The sleeping periodis l/v.

C. Optimality of Sensor Scheduling

We prove the optimality of our scheduling in terms of the
sensor network lifetime.

Let Schedule; be our outward unidiredional scheduling
with network lifetime Tyoia1—1ife. Suppase that Schedules
is an optimal scheduling in terms of network lifetime. Also
asame that the number of sensors in Schedules is equal
to that in Schedule;. We know that [/v is an upper bound
on the seeuing period for reliable surveillance Let X be
the number of dleging periods in Schedules. We have the
following inequality:

l l
+ lezfe < nTiife + XU'

nTlife (10)

which results in T

Shife o x. (12)
Actualy, X shoud be equal to the number of working periods
because dter eat deeging period there shoud be aworking
period. So, Eq. 11 is contradicted. Thus, there is no scheduling
with network lifetime longer than our scheduling Schedule;.
Note that the turn-on energy and warming-uptime areignared.
In next sedion, we cdculate the network lifetime when these
overheals are considered.

D. Turn-On andWarming-Up Overheads

In redity the sensors consume energy for turn-on operation.
They aso need some time to warm up. Ignaring these param-
eters may result in urredistic conclusion. In this £dion we
cdculate the lifetime of the sensor network considering the
turn-on energy E,,, and warming-up time T.,.

Our assumptions are exadly the same & the previous
sedion. Each sensor’s lifetime can be obtained acmrding to
the following equation:

(12

where F is the total energy of eat sensor; P is the sensing
power of ead sensor for unit time; and E,, is the energy
needed for turning onead sensor.

By repladng T7;¢. in EQ.6 by Tj;¢. in Eq. 12, we have:

E l
Ttotalflife = m[nw + E] (13)
and
aTtoml—life _ E(nEon - Ps%) (14)
ow (wps + Eon)2 .

Therefore, Tyorai—1ife iS €ither an increasing function o w
(nE,, > PyL), or adeaeasing function of w (nE,, < Pi1).
In the first case, as the function is an increasing function
of w, the maximum lifetime is achieved when the working
time of the sensors is maximum. The maximum value for the
working time of eat sensor w is £=Ze» when the number
of scheduling periods (m) is equal to ore. It means that no
deeging period shoud be used for scheduling; that is, the
turn-on owerheal is greder than the energy saved by degping.
Since the overhead for turning onead sensor is © much, it
is not worth to switch the sensors from off to on more than
one time. So, under this condtion, ead sensor works until it
runs out of energy and then the next sensor starts working.

In the second case, as the function is a deaeasing function
of w, the maximum lifetime of the network is achieved when
ead sensor’'s working period approaches zero as long as the
sensor works well.

Also, we shoud consider that ead sensor neals warming-
up time dter which it will be éle to sense. If warming-up
time of eat sensor is longer than slegoing period, working
time of sensor is boundd from below by

Tw -1
- 19

n—1

w >

Note that the warming-up time of eat sensor canna be longer
than the time needed to turn on all the other sensors plus the
deguing time of the network, which means that at the worst
case dter turning df ead sensor, we immediately start the
warming-up processfor eat sensor. If the warming-up time
is gnaller than the degping period, the only constraint for w
is the minimum time needed for eat sensor to deted and
transmit the data. We indicate this time by ¢. Therefore,

Ttotal life =

+nE Ean

nEy, > PS y

Vm ) .
mzn(t,b)Ps+Eon [n * mzn(t, b) + ;] nEon < Pb v

l (16)

where b = 2=,
n—1

V1. QOSV-GUARANTEED SENSOR SCHEDULING

In this sdion, at first, we compute the average detedion
time ADT for a given sensor segment length | and sensor’s
working time w in order to get a formulafor ADT, [, and w.
With the obtained formula, we can determine [ and w for a
required ADT.



A. Average Detedion Time for Constant Vehicle Speed

We ca cdculate the average detedion time which is the
average time it takes for arriving wvehicles to be deteded
by sensors. In the cae where the vehicles arrivals follows
a uniform distribution in terms of the arival time & the
interesting road, we can compute the average detedion time.
SeeAppendix | for detail ed discusson. Also, in the cae where
the inter-arrival time of the vehicles follows an exporential
distribution, the arivals are till uniformly distributed in time
domain which results in the same average detedion time &
the uniform arrival distribution. See Appendix Il for additional
discusgon.

We first compute the average detedion time E[dy/| when
vehicles enter in working period W like in Figure4 and then
compute the average detedion time E[d;] in sleging period
1. Thus, the average detediontime E/[d] for avehicle entering
the road with length [, where n. sensors have the working time
w and the maximum vehicle spedl is v, is equal to:

nw [
Eld = 7 Eldw]+ #%E[dﬂ
< (n4+2)nw?lv+2(n+Dwi?+13 /v (17)
— 2v(nw+l/v) (nwo+l)
which is approximately equal to:
ADT ~ L (18)

2v

Aswe can seein Eg. 17, given the maximum vehicle speel v,
the average detedion time ADT is a function of [ and w.

B. Average Detedion Time for Bounded Vehicle Speed

At first, we cdculate the average detedion time for a vari-
able vehicle spead v which is uniformly distributed between
Vmin @Nd Umqqe. With the vehicle speal distributed uniformly
between vy, and v, We ca then compute the average
detedion time for randam arrival time. Refer to Appendix I-B
for more detailed computation.

C. Determination o QoSv Parameters

Given the QoSwv required, we can determine the gpropriate
[ and w with which the desired QoSv will be satisfied where
QoSv = 1/ADT. We can sprea sensors on a road segment
with length | and schedule them acwrding to the working
time w. Note that in Eq. 18, the dominant fador in ADT is
[. In fad, working time w only dightly affeds the average
detediontime. When [ and w are determined, these parameters
for scheduling are delivered along with slegping time s to the
correspondng sensors on the road.

VII. SENSOR PLACEMENT AND SCHEDULING FOR
COMPLEX ROADS

In this sdion, we describe the sensor placement and
scheduling algorithm in order to maximize the lifetime of the
sensor networks surroundng the dty’s boundry roads like in
in Figure6.

A. Sensor Placement

The problem is how to deploy the sensors on the road
network given the topdogy d the road network including the
outer boundry and inner boundxry for the aty. Keegp in mind
that the reason why the sensors are spread onthe road is that
we want the sensorsto perform the mobhil e target tradking after
the target detedion with our scheduling algorithm. Refer to
Sedion IV-A.3 to see our claim for spreading sensors. Only
the sensors nea to the outer boundry that are seleded by
the required QoSv are avake periodicdly and scan the roads
for target detedion. The rest of them can deg withou any
sensing since they are outside the scanning area on the road
network. As o0on as a mobile target is deteded on the road,
the other deguing sensors wake up to trad the target. How to
tradk the mobile target is out of scope.

B. Sensor Scheduling

Given the required quality of surveillance (QoSv =
1/ADT) and agraph representing a road network, we need (i)
to compute the slegping period to satisfy the QoSw, (ii) to find
out the sensor nodes darting the scanning simultaneously in
the graph after every deeping period, and (iii) to determine
the working time of ead sensor node participating in the
scheduling for the surveill ance

For the slegping period s, at first we determine whether or
not we can get benefit throughthe nonzero sleguing period by
using Eq. 14. If there is no kenefit from deeping, the sensor
nodes do na use the deguing period, that is, s = 0. Otherwise,
we can find the straight road length [ to satisfy the given ADT
using Eq. 18 and then set the sleguing period s to I /v where
v is the maximum vehicle speed.

For the determination o the set of sensor nodes darting
first every working period in our scheduling, we seach all the
possble paths from the outer boundary to the inner boundary
in the given road network and find the sensor nodes neaest
the inner boundxry to satisfy the given QoSv. Figure7 is a
graph representing the road network of Figure6. Our searching
agorithm performs an exhaustive seaching. For example, it
considers all possble paths from ead entrance, such as O,
and O, towards exits on the inner boundxry, such as I; for
1 = 1..5 and then to seled appropriate starting pants neaer
to the outer boundxry, such as S; for i = 1..6 in Figure8. The
starting pdnts are determined considering the detour taken by
vehicles, such as path < O, P>, P, P3 > in Figure8. So, the
distance between the starting pdnt and some entrance point
on the outer boundxry satisfies the straight road length I for
the spedfied QoSw.

In the computation of matrix M containing the working
time of ead sensor involved in the surveillance we make
the sensor nodes on the elge having a joint point where
multiple edges are merged. If the sensor nodes on such
an edge perform scanning caused by the scanning in eath
previous edge mnreded to the joint point, they consume their
energy quickly to deah. We make the sensor nodes on this
merged edge perform one scanning every scheduling period
by using split-merge scanning, which uses the split and merge
of scanning to synchronize multiple scanning in order to let
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the common edge be scanned orce For example, in Figure9,
the scanning P; — P; is lit into two scanning at the point
Py: (a) scanning P, — O; and (b) scanning P, — P». The
scanning P — P, is merged with the scanning P, — P».
For this synchronizaion, the scanning time on ead edge is
computed considering the scanning time on its incident edges.
For example, let ¢; be the starting time of scanning P, — P
and let ¢; be the starting time of scanning P, — P». In order
that two scanning may be synchronized, the equality shoud
be satisfied:

ti+w;xn; = (29

tj +w;*xn;

where w;: working time of sensors on edge (P1, P), n;:
number of sensors on edge (P1, P2), w;: working time of
sensors on edge (Py, P»), and n;: number of sensors on edge
(Py, P»). The scheduling danning algorithm of Algorithm1
is performed in ore powerful node cdled super node outside
the sensor network. The super node diseminates the schedul-
ing information, such as the starting time, slegoing period,
and ead sensor’'s working time to the sensor network. The
diseemination method is out of scope in this paper.

The inpu parameters of Algorithm1 are follows:

o G: A conreded simple digraph for a road network

e O: A set of vertices for the outer boundxry of the road
network

e S: A set of tuples (z,zy, TYPE,l) including the

Outer Boundary

Inner Boundary

Fig. 9. Scanning in Road Network

starting pdnts for scanning where z: starting padnt
(or vertex), zy: edge including wertex z, TYPE €
{FULL,PARTIAL}, and I: scanned length on edge
zy (i.e., the length of edge zz2)
o ADT': Average Detedion Time given by the alministra-
tor
o v: A maximum vehicle speed
o ¢ The longer side length of a redangle covered by ore
sensor
o FE,,: Turn-on energy
o P;: Power consumption per unit time
In starting pdnt tuples S, the type of FULL means that the
whole edge including starting pant z is sanned and that of
PARTIAL means that only the partial edge starting from z,
i.e, <zx>,is canned.

Algorithm 1 PlanSchedule(G, O, ADT, v, ¢, E,y,, Ps)

1: {Function description:
(i) determine the sleeping time s for the shortest path from the inner
boundxry to the outer boundxry that satisfies the required ADT,
(i) find the set of sensors S neaest to the outer boundry that start the
scanning simultaneously after the slegoing period s, and
(iii) determine the working matrix M corntaining the gppropriate working
period o ead sensor that participates in the surveillance }
l+— ADT - 2v {ADT = L}
if Eon <c-Ps/v then
s « /v {compute slegoing time s}
else
s < 0 {deqing time s is =t to zero}
end if
S «— Find_Starting_Points(G, O,1)
{find the set of vertices S consisting o starting pdnts on G to satisfy
the ADT}
9 M «— Compute W orking_Matriz(G, S, O)
{compute the working time matrix M whase entry vaue is working time
of sensors on the crrespondng edge}

ONDARWDN

The seledion o set S of paints darting the scanning
is dore by Algorithm 2 cdled Find_Starting_Points de-
scribed in Appendix Ill. The computation o matrix M
for sensor working time is dore by Algorithm 4 cdled
Compute_-Working_Matrixz spedfied in Appendix III.

VIll. PERFORMANCE EVALUATION

In this edion, we not only show the numericd results
based on ou mathematicd analysis for the network lifetime
and average detedion time, but also validate our numericd
analysis with simulation results.
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A. Numerical Analysis

In this sdion, we mmpare the numericd results of our
scheduling scheme with the formulas given in Sedion IV. The
environment for numericd anaysis is as follows:

« The width of the road segment is 20 [m] and the length
of it [ 2000[m] like in Figure2.

« Every 20x20square of the road segment is fully covered
by ore sensor in the middle of it and so the number of
sensors n, evenly placed onthe road segment, is 100,

« The radius of sensingis 10v/2 [m].

« The sensing energy in ead sensor (3600[J]) can be used
to sense continuowly for 3600 [sed since the sensing
energy consumption rate P, is 1 [J].

« The working time of ead sensor per working period is
s €1]0.1,5]

« Theturn-on energy consumption in eadh sensor is E,,, €
{0,0.12,0.48,0.96} where the unit is [J].

o Thevehicle’'s maximum speed v,,,4.. is 150[km/h] andthe
minimum spe&d v,,,;, 10 [km/h]. The speal is determined
acording to the uniform distribution in the interval [10,
150. The speed of the vehicle is maintained constantly
whil e the vehicle moves on the road segment.

« The vehicle's arrival time with the unit [sed conformsto
the uniform distribution ower (0, 1+W) where asleging
period | is/v,q, and aworking period is nw.

Figure10 shows the crrespondng sensor network lifetime
acording to working time of sensors during the sensing
period. There ae four curves correspondng to the different
turn-on energies (E1, F», F3 and E,). E; is the cae where
thereis no turn-on overhea or it isignaable. In this case the
shorter the working time is, the longer the network lifetimeis.
When there is turn-on 0\erhead we have three caes. In the
first case of nFE,, < Ps——, a shorter working time gives us
more benefit in terms of the total lifetime of the network .

the seoond case of nE,, > PSU—, since the overhead for
turn-on is high, we can observe that the shorter the working
time is, the shorter the lifetime is. At the extreme cae the
overhead for turn-onis 9 highthat our outward uridiredional
scanning hes a better lifetime withou any slegping period.
In general in order to get benefit from deeing period o
the sensors, the saved energy due to seeping for 1/v,aq
shoud be greder than the energy exhausted for sensors' turn-
on. Therefore, we can allow the sensor network lifetime to
be extended by adopting sleguing periods espedaly when
nkE,, < Ps——. Oneimportant result is that working time w
determlnesthe network lifetime under the @bove condtion and
we can increase the total li fetime of the network by deaeasing
the working time. However, as discussed before w canna be
extremely small since it is bounded by the time needed for
ead sensor to deted and transmit data and aso it depends
on the Warming-up time of the sensors. In the third case of
nEy, = P;——, there is no read for segping since there is
no benefit of sleeplng in our scheduling.

In Figurell, we can see the relation of the working time
of ead sensor during sensing period (or working period)
with the average detedion time that is obtained by Eq.17.
In this figure, we use only the maximum speed for arriving
vehicles, but we can seethat the shape of the figure using the
uniformly distributed speed will be very similar to Figure11.
As discussed before we can also seethat from the figure the
average detediontimeis approximately equal to 5———; that is,
the working time does not affed nealy the a/erage deted|on
time, which meansthat it does not affed the QoSwv. Infad, the
working time only affeds the network lifetime. Therefore, we
can maximizethe lifetime of the sensor network that suppats
the spedfied QoSv by choasing the least w to satisfy the
warming-up time cnstraint of Eq. 15.

B. Validation o Numerical Analysis based on Smulation

In order to evaluate the analysis of our numericd model,
we oondwted simulations with the same parameters as the
numericd analysis. We modeled the sensor network including
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sensor and vehicle on the basis of SMPL simulation model
which is one of the discrete event driven simulators [19].
We performed simulations with the same parameters as the
numericd analysis given in Sedion VIII-A. Three kinds of
the inter-arrival time were used for the simulation: (a) \; =
1/10, (b) A2 = 1/20, and (c) A3 = 1/30. We can see that
the average detedion times of simulations acwrding to the
sensor working time ae dways lessthan the numericd upper
bound oltained in the numericd analysis. Thus, the values of
the parameters, such as the sensor working time and sensor
segment length onthe road segment that are determined by ou
QoSv equation (i.e., Eq.17) in order to achieve the required
average detedion time, can be used to alow the sensors to
perform the scheduling for the QoSv in the sensor networks.

IX. CONCLUSION

Mobil e target detedionis one of the interesting problemsin
wireless €nsor networks. In thiswork we introduce a energy-
aware scheduling algorithm for deteding mobile targets that
passcriticd routes, such asa dty’s boundxry roads, over which
wireless &nsors are deployed. This algorithm guarantees the
detedion o al the mobile targets and the required average
detedion time. Also, our scheduling agorithm provides a
maximum network lifetime. For this sheduling, we propose
an optimal sensor placement, which is aiitable for mobhile
target tracking. Using this scheme, all the sensors degp during
the sleguing period. Only one sensor is turned on and ahers
are turned off at every moment during the working period. We
define Quality of Surveill ance (QoSv) as ametric for quality of
service in surveillance gplicaions. We utili ze the maximum
moving speed of mobile target to maximize the slegping time
of the sensors. When a QoSv is given, scheduling parameters,
such as the number of sensors and workingtime, are computed
using ou QoSv formula and are delivered to appropriate
sensors for scheduling.

We observe that the shorter the sensing time per working
periodis, the longer the sensor network’s lifetime is whil e this
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scheme guarantees the spedfied QoSv. In future work we will
reseach on hav to enhance our scheduling scheme when the
sensors are deployed randamly close to the roads and how to
apply our scheme to mobile target tracking problem.

APPENDIX |
CALCULATION OF AVERAGE DETECTION TIME

A. Average Detedion Time with Constant Vehicle Speed

We asaume that a vehicle has a constant speed v (v < vy,
where v, is a maximum vehicle speed) and it enters the
road on the basis of the uniform distribution for its arrival
time within ead period consisting o working period (W) and
sleeping period (1), which is W + I. That is, we focus on the
average detedion time for a vehicle with uniform-distributed
arrival time. As the system behavior for an arriving vehicle is
different acording to whether the sensors are in the working
period a in the deeging period, we analyze separately the
detedion time in these two periods and then merge it.

First, we compute the detediontime when the vehicle enters
in a working period that the sensors are working (W in
Figure4). In this case, the vehicle will be deteded when it
moves into the sensing coverage of some working sensor as
follows:

()

T <ty <i- 1)

(20

where t is the deteded time of a vehicle, which increases
from zero when a sleeping period starts, and v(t — ¢,,) is the
deteded pasition o a vehicle & time ¢ which has entered the
road at time t,; [«] and |«] are the celing function and floor
function for z, respedively. [x] and |z satisfy the following
inequaliti es:

[z] <z+1,

lz| >z — 1. (21)

Repladngthe left sidesin Eqg. 21 with theright sidesin Eq. 21,
Eqg. 20 beacomes converted as foll ows:
iyt <oy < (Lo

w n w n

(22

Therefore, the detediontime dyy = t —t, iS bounded between
the following values:

(n— 1wl —lt, <d

[ 4+ nwv
We use the upper bound d the inequaliti es of Eq.23 in order
to determine the average detedion time (E[dw]), for which

we cdculate the integral of dy, over the interval (0, nw) as
follows:

< (n+ 1wl —lt,
W= I+ nwv

(23

nw
w W la )Pt \la a
Eldw] "y (ta)pr, (ta ) dt
fnw (n+Dwl—lt, 1 dt
Jo . I+nwv nw %
n2w2l+2nw [
2nw (nwv+l)

IA

(24

where p;, (t,) is the probability density function (pdf) of a
vehicle's arrival time which we aame is uniform in the
interval (0, nw).

In the cae where the vehicle enters in a period that
the sensors are degping, the same strategy can be used for



obtaining the detedion time (d;). In this case, a vehicle will
be detedted when:

e DR I L L JEAeE

w n w n

where ¢ is the deteded time of a vehicle, which increases
from zero when a deeping period starts, and v(t — t,,) is the
deteded position o a vehicle & time ¢ which has entered the
road at timet,; t > I /v, sincethe vehicleis deteded after the
seeping period (I /vy, ), and so t — /vy, is the atual working
time of sensors.

In the same way as Eq.22, Eqg.25 becomes conwerted as
follows:

t—1/vm l

1 ( +1)E§v(t—ta)§l—(#—1>% (2)

In this caese, the detedion time d; for deeing period is
boundd between:

(n — Dwl + 12 vy, — I,
[+ nwv

(n+ Dwl + 12 v, — I,
[ + nwv
(27

The upper bound d the inequdlities of Eq.27 can be used
in order to determine the average detedion time (E[d;]),
for which we cdculate the integral of d; over the interval
(0,1/vp,) as follows:

<dr

IN

Bldi) = fy"" di(ta)pr, (Fa)dte
1/vm (ndD)wl+12 /v, —lt, Vi
< 0 ( : lﬁnw/v Tdta (28)
2(77,+1)wl1)m+l2

20V, (nwo+1)

where p;, (t,) is the pdf of a vehicle's arrival time which we

asaume is uniform in the interval (0,!/v,,). Therefore, the

overdl average of detedion time is boundd from abowe by:
U/vm

nw
mwtiro Eldw] + oor—Eldi]
< (w2l o
> 20, (nw+1/vsm ) (nwov+l1)

(29

B. Average Detedion Time for Bounded Vehicle Speed

Using Eq. 24, the average detediontime for variable vehicle
spedal can be found by

By oldw] = [i7" By ldw] po(v)dv
_ f“mar n2w3l4+2nw?l 1 dv
- 2nw (nwv+l)

(30

Umin Umaz —VUmin

where p, (v) is the pdf of vehicle speed. If the vehicle enters
a period that the sensors are seeing, the arerage detedion
time (dy) can be computed using Eq. 28 as foll ows:
Joes By, di] po(v)do

v
f7)1nam 2(11-&-1)u)lvm-ﬁ-l2 1 du
Vmin  2Um (Nwo+l) Vmaz —VUmin

By, oldf) = (31)

Therefore, the overall average of detedion time is obtained
by:

Eta v [d} — nw

nw+l/Vmax

U/ Vmax
nw+l/vVmax

Eta,v [dW} + Eta,v [dl]

(32
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APPENDIX |l
RELATIONSHIP BETWEEN EXPONENTIAL INTER-ARRIVAL
AND UNIFORM ARRIVAL

We will prove that the inter-arrival time of two conseautive
vehicles conforms to an exporentia distribution with some
average inter-arrival time, the arivals are uniformly distributed
in the scheduling period that consists of the working period
and slegoing period.

We asame that the inter-arrival time X between two
conseautive vehicle arivals has an exporential distribution
with parameter A (A > 0). Let X, be the inter-arrival time of
two conseautive arivals in Figure13. Let W be the working
period spedfied in Eq. 2 and I be the slegping period spedfied
in Eq.3. Let Y, be the arival time offset within a period T’
where T =W + 1.

k
Y = ZXi (mod T)
i=1

(33

The dcharaderistic function o the pdf fz(z) is defined as
Oy (t) & Be't? (39

where i = /=1 and t € (—o0, o0). From Eq. 34, we can see
that two different randam variables with Z; and Z; with the
same pdf fz(z) have the same dharaderistic function @z (t).
If we substitute non-negative integer n for ¢t with 0 < 7 < 2,
then we can get two equaliti es as follows:

inZ

e elTL(Z+27T)

(39
(36)

6127\'71 =1

We want to provethat in the limit Y;, hasauniform distribution
on the interval [0,7] as k — oo by showing that the
charaderigtic function of Y}, approaches that of a uniformly
distributed randam variable on the interval [0, 7).

k k
YVi=> Xi (mod T)| £ [> X;=Yi+jT,j=0,1,2,.]

i=1 i=1
(37)
We take the right side in Eq. 37 and multiply ead side of the
right side’s equality by 27 /7" as follows:

k
2 Zz_l 2 k ) _]

Let V), = 2Vin/T and Z; = 2X;7/T. We can get the
charaderistic function o Y, as follows:

E[ein?k] _ E[einzle Zi] _ (E[einZlbk

(39

(39



since 7y, Zs, ..., Z;, areindependent and identicdly distributed
(iid) where Z; has an exporential distribution with parameter
AT/2r. Let X = 3L, We can get the charaderistic function
of Z; as follows:

E[e"?] = /Oo MY M gy — _
0 A—in
From Eq.39 and Eq.40, we can express the charaderistic
function o Yy, @3 (), with A as follows:

p)

(40

Ele™*] = (Ble™ ) = ()" (41
A—1in
As k — oo, we can smplify @y (t) as follows:
. 0, n#0
E[e™ ] =<7 ’ 42
"] {1, T (42

Asaime that Z is a uniform randam variable on the interval
[0, 27]. The charaderistic function o Z is as foll ows:

) 2r 11 .
Eem,Z — / elntfdt — 7‘7[67,27777, _ 60] (43)
0 2m 2min
Eqg. 43 can be rewritten as follows:
; 0 0
Bz =% 70 (49)
1, n=0.

From Eq.42 and Eq. 44, we can seethat in the limit Y, has
the same dcharaderistic function as a uniform randam variable
Z, which means that in the limit Y is a uniform random
variable on the interval [0, 27]. Finaly, since Y, = % Y
has the uniform distribution onthe interval [0, 7] as k — oc.

APPENDIX Il
SUBROUTINES OF SCHEDULING ALGORITHM

This sdion contains the subroutines used in QoSv-
Guaranteed scheduling agorithm of Sedion VII-B.

Algorithm 2 Find Starting Points(G, O, 1)

1: {Function description: find the set of vertices S consisting o starting

paints on G to satisfy the ADT'}

O’ «— O {copy O into O’}

. S «— 0 {initiadize S with the empty set}

: while eat vertex y € O’ do

z «—nul

{z is =t to null sincey does nat have any incoming edge}

O O —{z}

Search(G,z,y,l,S)

{find the starting pdnts reahable from vertex z to satisfy the path

length 1}

8: end while

9: S « Select_Starting_-Points(G, S)
{choose an entry with a vertex z neaest to vertex x in edge < =,y >
from dugicae entries with the same < z,y > in S}

10: return S

aRswnN
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Algorithm 3 Search(G, z, v, [, S)
1: {Function description: find the starting pants reahable from vertex z to
satisfy the path length 1}
2. N «— Find_Neighbors(G,y)
{find the neighba vertices of vertex y in graph G}
3 if N =0 then
4 S — SuU{(y,zy, FULL,0)}
{add a new vertex y with fully scenned edge < z,y > to the set of
starting pdnts S}

5.  return {read the termina vertex with oudegree 0}
6: end if
7: while ead vertex z € N do
8 N« N-{z}
9 d « Get_Distance(G,y, z)
{get the distance of the edge < y,z >}
16 l—1l—d
11 if [ =0 then
12 u—y

13 S — Su{(u,yz, FULL,0)}
{add a new vertex u with fully scanned edge < y, z > to the set of
starting pants S}
14 dseif I < 0 then
15 u «— Make_Vertexz_Name()
{make avertex u with a unique vertex name}
16: S — SU{(u,yz, PARTIAL,l + d)}
{add a new vertex u with partially scanned edge < y,z > to S}
17.  dse
18 Search(G,y, 2,1, 5)
{find reaursively the starting pants reathable from edge < y, z >
to satisfy the path length [}
190 end if
20: end while

Algorithm 4 Compute Working_Matrix(G, S, O)

1: {Function description: compute the working time matrix M whose entry
value is working time of sensors on the crrespondng edge}
2. G’ «— Convert_Graph(G, S)
{add new vertices and edges from S to G, exchange the heal’s role and
tall’s role of ead vertex in G and make areverse digraph}
3: while ead entry u € S do
4 S —S—{u}
5.  z «— FindTail_Vertex(u)
{return intermediate vertex z on edge < z,y > from entry u}
6: y <« Find_Head Vertex(u)
{return tail vertex  on edge < z,y > from entry u}
7. Create-Thread(G’',0O,z,y, Thread_-Procedure)
{crede athread performing Thread Procedure to compute the working
time of sensors on ead edge of the paths from vertex x toward the
outer boundxry}
8: end while
9: return M
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Algorithm 5 Thread_Procedure(G, O, z, )

1:

19
20:
21

22
23
24

{Function description: a thread procedure to compute the working time
of sensors on eat edge of the paths from vertex = toward the outer
boundiry}

: | «— Find_Edge_Length(G, z,y)

{return length [ from entry u having = and y as the elge’s vertices}

2 dg(y) —dg(y) —1

{indegree d, () is the number of incoming edges with head y}

2 if dg;(y) = 0 then

Adjust_Working Time(y, )

{adjust its working time in edge < z,y >}

if Count(y) > 0 then
{Count(y) indicaes the number of waiting threads at vertex y}
Adjust_Other_Threads_-W orking Time(y, 1)
{adjust the working time of other threads in their most recently
visited edge, which are threads waiting at vertex y}
Signal(y)
{signal the waiting threads in order to proceed their computation o
their working time in ead edge}

end if

> dseif d;(y) > 0 then

Count(y) <« Count(y) + 1
Wait(y) {wait for the signal of the last thread arriving at vertex y}

: end if
: if y € O then

Exit() {finish the thread procedure}

. else

N «— Find_Neighbors(G,y)

{find the neighba vertices of vertex y in graph G}

while eat vertex z € N do
N — N —{z}
Create Thread(G, O, y, z, Thread_Procedure)
{creae athreal to compute the working time of sensors on eah
edge of the paths from vertex = toward the outer boundary}

end while

Ezit() {finish the thread procedure}

end if
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